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A bstract

The reflectance 0 f Lap;CapsMnQsz epitaxial thin films on perovskite
substrates with arange of lattice constants is studied in the frequency
range 50 cm ‘-.5000 cin’!. Thecomplex dielectric functions of the bare
LiagrCagsMnOg filins are obtained by modeling the measured reflectivity
spectra Of the two-layer Lag rCagaMnQg /substrate systein With separately
measured diglectric. functions of the bare substrate. The results thus derived
indicate that the transverse optical phonon modes of L ag;CagsMnQzare

strongl y aflected by the substrate-in duced lattice distortion.




The origin of the colossal negative magnetoresistance (CMR) recently observed in per-
ovskite mariganites Lay. ¢« AxMnOs (A: divalent alkaline ions) have been asubject of intense
experimental and theoretical studies. Recent theoretical investigations [1 ] have revealed
that the lattice effects and the strong electron-phononinteraction due to the Jahn-Teller
coupling play an important role in thcoccurrence of the CMR in manganites. Many aspects
of the magnetic and resistivity data [2- 5) can be successfully explained in terms of the sce -
nario of lattice polaron conduction. Inorder to further verify the mechamsm of the CMR
eflect and the correlation of lattice distortion with the magnetic and transport properties,
mfrared data are nceded for providing direct information of the optical phonon modes and
the electron-phonon interaction.

Theinvestigations of the electrical transportandmagnetic properties of Lag;CagazMnO;
(1.CMO) filins on perovskite substrates with diflerent lattice constants (6] indicate that larger
lattice distortioninduced by the substrates givesrisc to larger zero-field resistivity and larger
negative magnetoresistance. In the present work we report our experimental investigations
of theinfrared properties of 1,CM O epitaxial films on various perovskite-based substrates:
1,aA105 (1 . AO),SrTi0;3 (S'1°0) and YAIO; (YAO). Infrared (1R) reflectivity spectra of single
crystalline LAO, S'1'0 ant] YAO are also measured. Using the dielectric functions obtained
directly from the bar-e substrate, we have fitted the mecasured reflectivity spectra of 1.CMO
epitaxial films on the substrates by modeling the complex dielectric functions of bare 1L,CMO.
Our work indicates that tile optical conductivity of 1.CMO and the observed Mn-Q stretching
and Mn-O-Mn bending phonon modes are strongly affected by the substrate-induced lattice
distortion.

The 1,CMO epitaxial films are grown by pulsed laser deposition using a stoichiometric
target of Lag7CapsMnQOz, in 100 mTorr of oxygen. The temperature of the substrates is
‘/1()()°C. The growth is followed by annealing in latm. oxygen at 900°C for two hours, ant]
the epitaxy of the films is confirmed by the x-ray rocking curves. The thickness of the films
is 200:1 10 nm. The lattice constants a, band c (c J sample surface) of all samplesare

determined using high resolution x-ray diflraction spectroscopy. The results are tabulated




inTable 1, Asshownin ‘] 'able 1, the lattice distortion]] induced by the substrates yieldsthe
mismatch fattice strain, defined as (Aao/so), where aq is the lattice constant of the bulk
perovskite,and Nao is the difference between the lattice constant of the film and that of
the bulk 1, CMO. The substrate-induced lattice strain has nnportant effects onthe optical
1)11011011 modes.  Therefore theinfrared spectroscopy of {ilms on diflferent substrates can
provide direct col-nparisen of the phonon frequency shifts withthe lattice strain, determined
from x-ray diffraction measurements.

Near normalinci dence reflectivity is measured (against a reference Al Mirror) with a
Fourier-transform spectrometer in the cntire IR spectral region 50-5000cin - . The temper..
ature of the sample is varied with a liquid He-cooled cryostat.

Thelarge contribution of the substrate to the reflectance of 1,CMO thin films prevents
direct derivation of the LCMO complex conductivity’ from the standard Kramers-Kroning
transformationsof the measured spectra. It is necessary toknow the substrate dielectric
function with high accuracy in orderto mode] the optics] spectra of the thin filins. The
complex dielectric functions of single crystalline 1.AO,STOand YA() are obtained by means
of Kiamers-Kroning (KIK) analysis of the measured substrate spectra. Yor the an alysis
of the substrate spectra, we assume the const ant reflectivity below 50 cm?and asingle
oscillator approximationabove 5000 cm?. To avoid the XX transformation error due to the
uncertainty in the extrapolation] of the reflectivity spectra fromzero to infinity, we perform
analytical dispersion analysis of the measured spectra. A model based on the following

factorized form of the complex dielectric function [7]is applied:

Es == Eso;,]l Zu:#') T (1)

Themodel has been successfully used to fit the IR reflectivity spectra of several perovskite
oxides {8,9). The adjustable parameters for the jthcomplex pole p and zero zin this
description uniquely determine four phononinode paraineters for' the jth transverse optical
(T0) - longitudinal optical (LO) pair: the frequencies wjs,w;;, and clamping terms ~y;7,7;r.

The assumption of different parameters for the 10 and 1.O modes is necessary whenthe
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‘1’0 and LLO modes have different phonon decay channels and different damping rates. The
phononnode parameters of the substrates and the high-{requency dielectric constant e, arce
initially evaluated from the KX analysis and thenused as starting values for the least-squares
fit of the reflectivity spectra to the factorized expression (1). By this means the complex
reft active indices /&, = iy = n, -l 1k for the perovskite substrates are obtained andused :n
the two-layer (1, CM O/substrate) modcling. Notice that good agreemment between the optical
quantitics which yield the best fit to reflectivity dataandthoseobtained from a KK analysis
is observed above 150 cm™

Necar normal incidence rc’flee.tivity R=|7[*of afilm of thickness d on a semiinfinite
substrate is rclated to the complex refractive indices of the fiIrQ/é,f s iy ny A tky and

of the substrate ng by the following equations for the reflectance amplitude 7 [1 ()]:

- 7~f -+ ]‘ 5 ;f o 715 .
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Thediclectric function of the film &, isdescribedinterms of the classical dispertion function
which is tile sum of contributions fromn a Drude term with plasma frequency w;, and the
damnping parameter 7p,and from lorentzian oscillators with strengths S, frequencies wy;

and damping parameters v¢; for the jth mode

3 e

w

e o S S )
- 4 wh —wl vy
Oncethe substrate complex refractive indices i, is known, we use kgs. (2)-(3) to fit the
mieasured 1, CMO/substrate reflectivity spectra £{w).Parameters for the opt, ical phonons
inlay.,Sry MnOj crystals (x=:0.175) [1 1]are selected as initial values for this least-squares
fit,

}¥ig.1a shows the reflectivity phonon spectra of 1LAO, YAO and STO at room temper-

alure. The open circles represent the measured reflectivity spectra of LAOand S'1°(). the
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solidcurvesare calculated by the fitting procedure based onliq. (1), The fitting parame-
ters thus obtained arc listed in Table 11. Theresults for S'1'0 are almost the same as those
previously reported by Kamarasetal.[9], although they did not resolve a weak phonon
structure around 650 cm™'. The parameters of the 7O phonon modes determined for 1LAO
agree well withthose previously reported by Zhang el al. [12]and are derived by mnecans of
the classie.a dispersionanalysis of the m.flee.tivity spectrum [12). The optical constantsof
the YAQ substrate are obtained by the KK transformation, because many IR active phonons
im YAO make the dispersion analysis more difficult.

The reflectivity phonon spectra of I.CMO epitaxial {ilins onthe substrates are shown in
}ig. 1 5. The open circles represent the experimental data, the solid curves were calculated
by the fitting procedure based on FEgs. (2 )-(3). The obtained fitting paramneters are listed
in ‘]’able 1]1. The Drude termin¥iq.(3) is found to be negligible.

Figure 2 shows the optical conductivity spectra of barel, CMO,deposited on various
substrates, obtained from &;. There are three main phonon modes in the spectra: The
Mn-Q stretching mode observed around 550 cm™ !, the Mn-O-Mn bending m ode around
350 cim -1 and the La(Ca)-site external mode, located around 160 cin™! [1 3]. The bending
mode is found to be split due to the orthorhombic distortion in ,LCMO. As show n in }ig.
2, the stretching and bending phonon modes shift significantly to lower frequencies, as the
mismatch lattice strain (see ‘I’able 1) increases. On the other hand, the external phonon
frequency is nearly independent of the lattice constant. If the dependence of the phonon
frequency on lattice constant is approximate] as w ~ u-0, the power o is roughly estimated
to be 8§ for the stretching mode and 5 for the bending mode. Similar strong a dependence
of the stretching mode frequency isobserved in layered cuprates ant{ related mnaterials [14].
This fact indicates that both of the highest frequency phonon modes maybe strongly affected
by theinteraction with the electronic system, and the. latter night also be modulated by the
changein the Mn-O bond length and the M n- O-Mn bond augle. It should be noted that line-
shapes of the phonon peaks inlig. 2 are nearly independent of the lattice distortioninduced

by the substrates. It suggests that the 1.LCMO epitaxial filins under study are structurally
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homogeneous structure throughout the entire film thickness.

In swinmary, an analysis of the reflectance of 1.OMO epitaxial films on various substrates
with an extended range of lattice constants has been performed by taking intoaccountthe
substrate contributions. Our results provide evidence for a strong dependence of the Mn -
Mnbending and Mn-O stretching phononmode parameters on the lattice distortion induced
by the! substrates. An extension of the present investigation to studying the variations of
LCMO phonon modes with temperature and the analysis of the mid-IR reflectance and
trausmittance spectra may provide further undcrsté(xx‘ding of the role of the lattice distortion
and polaron conductionin the occurrence of the CMR eflect in perovskite manganites.
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FIGURES
FIG. 1. "Reflectivity phononspectra Of 1.aAlOg5, YAIOs, St7103 (@) andlap7CapsMnQOz 011
the substrates (b) at 300 K.Open circles are experimental data and solid lines are the best fit of
¥q. (1) (@ and Fgs. (2)-(3) (b)to the data. Solid curve for YA1Ojzisthe measured reflectivity

spectrum.

}1G. 2.Opticalconductivity spectra of l.ag7CagsMnOson various substrates calculated from

érusing the parameters of Table 3.




TABLES

TABLE-L The lattice constants and mismnatch lattice strain determined {romn x-ray diffrac-
tion for lag;CagsMnOs (I CMO) epitaxial films on LaAlOsz (LAQ), YAIO; (YAO) and SrT1i0;
(ST0O) substrates at 300 K. For comparison, the lattice constants (in A) for bulk LCMO
are (a/V/2 = 3. 840, b/vV2 = 3.890, ¢/V2 - 3.860), LAO (a: b = ¢ = 3.792), YAO
(a/V/2:-3.662,0/+/2= 3.768,¢/v/2= 3.685), and STO (a=.b = c:3.905).

TLattice constant (A) - Lattice Strain (% )

Compound (a/\/,?) (b/v2)  (¢/V?) ( Aaofa,) (Abo/bo) (Ney/cey)

1,CMO/1.A0 3.842 3.854 3.92] 0.05 -0.93 1.58
LCM(O /YA Q) 3.862 3.886 3.899 0.57 -0.10 1.01
1LCMO/ST0 3.881 3.927 3.545 1.07 0.95 -0.39

TABLY 11. Best fit phonon parameters determined by Fq. (1) for LaAlO3 (LAQ) and S17T103

(S10) at 300 K

1A0 €ee 4.2

427 494. -/ 651 680

6.4 1.7 22 65

596 494.5 743 687

9.9 1.6 10 70

175 4435 544 635.1 710.1
6.2 18.6 17 43 41
476 4438 793 635.2 710.8
5.3 18.6 24 40 il




TABLY, 111, Best {it phonon parameters determined by ¥gs.

(2)'(3) for l.agsCagaMnOsz

(I.CMO)on 1LaAlO3 (LAO), YAIO3 (YAO)and S1'1103 (S'1'0) substrates at 300 K.
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LCMO / LAO

351 405
51 52
792 511

607.4

71

832

158

LCMO / YAO
342 393
73 46

805 447

10

1.CMO /ST0

] 34 335 379 559
59 83 30 B
671 854 259 669
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